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According to a meta-analysis by Cheng and associates1of 21 randomized clinical trials (RCTs) of off-pumpversus on-pump coronary artery bypass grafting(CABG), postoperative 30-day stroke was not statis-
tically significantly reduced (odds ratio, 0.68; 95% confidence
interval [CI], 0.33–1.40) in the off-pump group. In the most recent
meta-analysis by Sedrakyan and colleagues2 of 16 RCTs, however,
off-pump use was associated with 50% relative risk (RR) reduction
of stroke (RR, 0.50; 95% CI, 0.27–0.93) as compared with that
with on-pump CABG. To determine whether off-pump surgery is
associated with reduced occurrence of stroke as compared with
that of on-pump CABG, we performed a meta-analysis of currently
available RCTs of off-pump versus on-pump CABG and discussed
the discordant results found in the published literature.
Materials and Methods
All RCTs in which stroke was reported, comparing results of
off-pump versus on-pump CABG, were identified using a 2-level
search strategy. First, a public domain database (MEDLINE) was
searched using a Web-based search engine (PubMed). Second,
relevant studies were identified through a manual search of sec-
ondary sources including references of initially identified articles
and a search of reviews and commentaries. The MEDLINE data-
base was searched from January 1966 to March 2007. MeSH
keywords included “coronary artery bypass, off-pump,” “cerebro-
vascular accident,” and “randomized controlled trials.” Studies
considered for inclusion met the following criteria: the design was
an RCT; patients were randomly assigned to off-pump versus
on-pump CABG; and main outcomes included stroke. Data regard-
ing detailed inclusion criteria, duration of follow-up, and stroke
were abstracted (as available) from each individual study. The
criteria for stroke included descriptions such as “stroke,” “severe
neurological deficit,” “cerebrovascular accident,” “cerebral embo-
lism,” and “cerebral infarct.” We conducted a meta-analysis of
summary statistics from the individual trials because detailed,
patient-level data were not available for all trials. For each study,
data regarding stroke in both the off-pump and on-pump groups
were used to generate RRs (1, favors off-pump CABG; 1,
favors on-pump CABG) and 95% CIs. Study-specific estimates
were combined using inverse variance-weighted averages of log-
arithmic RRs in a random-effects model. Between-study hetero-
geneity was analyzed by standard 2 tests, with P  .05 deemed
statistically significant. Publication bias was assessed graphically
by a funnel plot and mathematically by an adjusted rank–correla-
tion test.
Results
Our search identified 32 RCTs, in which postoperative 30-day (or
in-hospital) stroke was reported, of off-pump versus on-pump
CABG (Table 1). We excluded trials reporting more than 30-day
stroke. Pooled analysis of all the 32 trials (representing 3714
patients) demonstrated a statistically nonsignificant reduction in
stroke with off-pump relative to on-pump CABG (0.49% vs
1.29%; RR, 0.60; 95% CI, 0.34–1.06). There was neither trial
heterogeneity of results nor evidence of significant publication
bias. When data from 18 trials (representing 2607 patients) with at
least one event in either the off-pump or on-pump group were
pooled, off-pump CABG was associated with a statistically sig-
nificant 50% reduction in stroke relative to that of on-pump CABG
(0.69% vs 1.85%; RR, 0.50; 95% CI, 0.26–0.98). There was
neither trial heterogeneity of results nor evidence of significant
publication bias.
Discussion
The limitations of the previous meta-analysis by Sedrakyan and
coworkers2 are the inclusion of 9 trials reporting postoperative
more than 30-day stroke and the exclusion of 11 trials with no
event in both the off-pump and on-pump groups. In conse-
quence, the meta-analysis included 16 trials with at least one
event in either the off-pump or on-pump group from all the 27
trials reporting stroke, and only 7 of the included 16 trials
reported postoperative 30-day stroke. Following the example of
the meta-analysis by Cheng and associates,1 the present meta-
analysis included currently available all the 32 trials reporting
postoperative 30-day stroke, and 14 trials of them reported no
event in both the off-pump and on-pump groups. Pooled anal-
ysis of all the RCTs demonstrated a statistically nonsignificant
reduction in stroke with off-pump relative to on-pump CABG.
Subgroup analysis eliminating RCTs with no event in both the
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off-pump and on-pump groups demonstrated a statistically sig-
nificant reduction in stroke. However, this finding should be
interpreted with caution, because approximately 30% of pa-
tients were excluded: 1107 (in the 14 trials with no event in
both the off-pump and on-pump groups) of 3714 (in all the 32
trials). Because RCTs with no event in both the groups do
demonstrate equal risk of the event, eliminating them may
mislead the pooled point estimate into being significant de-
crease or increase of the risk.
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